The concept of uniform flow is traditionally associated with a cross-section-integrated description of channel flow. In some analyses of flow in wide channels, it may be appropriate to adopt a depth-integrated description. The ensuing lateral structure of the depth-integrated flow is investigated at uniform flow. The steady state ordinary differential equation for the lateral structure is established, along with the formulation as a boundary value problem. An integral part of the formulation is the relationship between the channel resistance models for cross-section-integrated and depth-integrated descriptions, respectively. Predictions are shown for a rectangular channel and for an irregular channel.
INTRODUCTION
Uniform flow in a channel is a flow state that is rarely experienced but it is nonetheless influential in character- 
CROSS-SECTION-INTEGRATED DESCRIPTION
in which A(x,t) is the local flow cross section, P(x,t) is the local wetted perimeter, b(x,t) is the local surface width, g is the gravitational acceleration and t 0 (x,t) is the boundary shear. The quadratic Darcy-Weisbach friction model is adopted, with
in which f is the Darcy-Weisbach friction factor. The But note that this requires the additional assumption that the lateral water surface profile is horizontal.
For a natural channel, the depth varies across the channel and the concept of a normal depth is not especially satisfactory. But the concept of uniform flow remains appropriate. It would be more useful to 
DEPTH-INTEGRATED DESCRIPTION
The 
from which both Coriolis accelerations and surface wind stresses have been omitted. The friction model becomes
locally, in which the Darcy-Weisbach friction factor f ′ for this depth-integrated description is consistent (but not identical; see Equation (17)) with the f for the crosssection-integrated model (Equation (3)).
Lateral momentum transfer has been modelled as
by analogy with the general form of Newton's law of viscosity; t ab and ru 9 a u 9 b are the local viscous and Reynolds stresses in the horizontal plane and e is the The integral parameter Q is
where A was defined in Equation (2) Equation (7) together with no flow boundary boundary conditions at the channel sides gives q y [0. Equation (9) gives ∂h/∂y = 0, so that h = h(x), a function of x only.
The residual terms in Equation (8) become
in which both d n = (h + h) and q x are functions of y. Given d n (y), Equation (14) is a second-order ordinary differential 
that identifies the cross-section-integrated discharge Q. Q is a given parameter.
The relationship between the cross-section-integrated friction factor f, the depth-integrated friction factor f9 and the horizontal eddy viscosity e is established from
Equations (5) and (14). Integrating (14) 
The place of f9 and e in the depth-integrated description is taken by f alone in the cross-section-integrated description. Equation (17) 
with A and P defined as in Equation (2) 
in which dY 1 /dy is dA/dy and dY 2 /dy is dP/dy. Both h and dh/dy are required as continuous functions of y.
Bathymetry specified as discrete (y i ,h i ) pairs is anticipated, with cubic spline interpolation providing smooth and continuous estimates for h and dh/dy as required.
Bathymetric resolution must be adequate to follow the significant detail of the cross section. Inadequate resolution will not be improved by the spline interpolation.
Initial conditions are Y 1 = Y 2 = 0 at y = y L . Integration from y L to y R gives A = Y 1 (y R ) and P = Y 2 (y R ). Excellent precision is achieved with an error-correcting, adaptive step size (mixed fourth-and fifth-order Runge-Kutta) code for numerical integration.
Estimation of y L and y R is formulated as the implicit algebraic equation
Given Dh and the bathymetry h(y), there are two solutions to Equation (20), respectively y L at the left bank and y R at the right bank. Equations (20) may be solved by the same numerical algorithm adopted for Equation (18).
This Stage 1 algorithm requires knowledge of the channel geometry, together with the assigned Q, S 0 and f.
A successful numerical solution provides Dh, y L , y R , A and P.
Stage 2
The lateral boundary layer Equation (14) It is also recognized that the definition of Z 2 to Z 4 in Equations (23) makes it very likely that Z 1 to Z 4 will be very different in magnitude, as they also are in dimensions. 
Possible numerical precision consequences

CHANNEL FRICTION
The bottom friction factors f and f9 and the horizontal eddy viscosity e are independent parameters in the numerical algorithm. Their physical relationship is established through Equation (17).
The cross-section-integrated friction factor f is a given parameter. The expected magnitude of the depthintegrated friction factor f9 would be of the order of f but rather smaller in magnitude, as resistance in the depthintegrated description is contributed by both f9 and e.
A simple order-of-magnitude estimate for the hori- Using these estimates for the velocity and length scales of the turbulence, an order-of-magnitude estimate for the horizontal eddy viscosity is
This is a suitable initial estimate for e in Equations (25).
APPLICATION
As an initial example, consider a rectangular channel 
CHÈ ZY AND MANNING FRICTION MODELS
Chè zy model
The relationship between C and f is direct:
As f is dimensionless, the simplest approach would be to retain the previous algorithm, with a prior translation from C to f and a subsequent translation from f9 to C9.
Manning model
The changes are more fundamental for the Manning 
In Stage 2 of the algorithm, Equation (23) becomes 
and Equation (25) 
The details are otherwise identical.
CONCLUSIONS
An analysis of the lateral structure at uniform flow in a channel has been based on the depth-integrated long wave equations. At uniform flow, it is shown that the crossstream depth-integrated flow q y is identically zero and that the lateral profile of the water surface is horizontal.
The lateral distribution of the streamwise depthintegrated flow q x is shown to follow a boundary-layerstyle equation, where the lateral structure responds to shear diffusion from the channel sides.
Uniform flow is described by the channel discharge Q, the bed slope S 0 and the channel (cross-section-integrated) friction factor f. Channel bathymetry is specified as (y i ,h i ) observation pairs. A two-stage numerical algorithm is formulated to solve for the cross-section area A, the left y L and right y R bank locations, the q x (y) profile, the horizontal eddy viscosity e and the depthintegrated bottom friction factor f9.
Application of the algorithm to a rectangular channel and a natural channel are given. The predictions are shown to be physically plausible.
Algorithm variations for alternative channel friction models are given.
